Background: Hyponatremia is the most common electrolyte imbalance encountered in the management of diarrheal children. Common ramifications include cerebral edema and fatal outcomes. However, pediatric data remain lacking, particularly in developmental contexts where resources are limited and associated conditions like malnutrition and pneumonia are common. Aim: This study aimed to evaluate predicting factors associated with hyponatremia in children under five years of age with severe acute malnutrition (SAM) in Bangladesh. Methods: Using a nested case-control design, we compared clinical and laboratory characteristics of children with (n = 61) and without hyponatremia (n = 183) taken from a parent population of all children under five with SAM and clinical or radiological pneumonia admitted to Dhaka Hospital of icddr,b between April 2011 and June 2012 (n = 407). Results: Logistic regression analysis adjusting for potential confounders such as lack of breast feeding, duration of vomiting (days), and severe wasting revealed that older age (OR 1.05, 95%CI 1.02 -1.07, p = 0.001) (5% increase in the relative odds of hyponatremia for each additional month of age), presence of diarrhea (OR 2.43, 95%CI 1.0 -6.0, p = 0.05), and difficulty breathing (OR 1.52, 95%CI 1.0 -2.05, p = 0.05) were significantly associated with hyponatremia. Conclusion: Our data suggest that older age, presence of diarrhea, and difficulty breathing in under-five children with SAM is independent predictors of hyponatremia. These findings underscore the importance of detecting simple clinical predictors early in order to facilitate appropriate management and to prevent potential ramifications of hyponatremia in SAM children, especially in resource-poor settings.
Introduction
Hyponatremia is the most common electrolyte imbalance encountered in children [1] and in the broader scope of clinical practice. Mild to moderate forms (<135 mmol/L) occur in approximately 25% of hospitalized children while more severe forms (<130 mmol/L) are found in 1% -4% [2] [3] [4] [5] [6] [7] [8] [9] [10] .
The disorder is associated with worsened outcomes in patients, is a major comorbidity factor for a variety of diseases, and is a known causative factor in the development of seizures and hyponatremic encephalopathy [1, [11] [12] [13] [14] . Nevertheless, pediatric data remain lacking [1] -a reality that underscores the importance of improving understanding of predictive factors involved in order to enable earlier and more complete detection of hyponatremia in children. Such issues become all the more important when considered in a developmental context where resources are inherently limited and associated conditions like malnutrition and pneumonia are common [2, 5, 11, [15] [16] [17] .
Malnutrition remains a major public health concern-a fact reflected in the fourth Millennium Development Goal which calls for a two-thirds reduction in childhood mortality by the year 2015 [18] . It has been identified as an underlying factor in over 53% of the 10 -11 million children under 5 years of age who die from preventable causes each year [19] [20] [21] [22] . The condition impacts 13 million children worldwide and is responsible for more than 1.5 million child deaths each year [23] .
When compounded with the influence of pneumonia, the leading cause of death in children of this age [24, 25] , a disturbing picture begins to emerge. High case-fatality rates (CFR) reported for both comorbidities in hyponatremic children necessitate the need for enhanced detection [2, 5, 11, 15 ], yet research remains limited.
Twenty years ago, Samadi et al. [15] looked at the consequences of hyponatremia in children in Bangladesh and reported a CFR for children with acute diarrhea of >10%. Malnutrition, in particular, was found to directly relate to the incidence of hyponatremia, while case-fatality was related solely to serum sodium concentrations [15] . Since that time, no further studies have been published for Bangladesh and none have looked at the associated factors of hyponatremia in children with pneumonia and SAM, despite the high prevalence and reported CFRs.
Ultimately, despite reporting of hyponatremia since the mid-twentieth century, this highly prevalent disorder remains poorly understood [26] . Its association with numerous underlying disease states and its multiple etiologies with differing pathophysiologic mechanisms [26, 27] make an understanding of hyponatremia difficult at best, yet by looking at the associated clinical and laboratory factors we can begin to identify children expected to be at highest risk.
Building on the work of Samadi et al. [15] , this study aimed to evaluate predicting factors associated with hyponatremia in children with SAM and pneumonia in Bangladesh.
Methods

Study Design and Population
The study was conducted as a nested case-control study within an ongoing hospital-based cohort of all children under 5 years of age presenting with severe acute malnutrition [defined by the WHO [28] as a very low weightfor-height ratio (below −3 z scores of the median WHO growth standards), by visible severe wasting, or by the presence of nutritional edema] and clinical or radiological pneumonia admitted to Dhaka Hospital of icddr,b over a 14 month period from April 2011 to June 2012. Dhaka Hospital of icddr,b is a specialized facility that treats more than 120,000 patients each year, particularly those with diarrheal and infectious disease. It primarily serves patients from poor socio-economic conditions in urban and peri-urban Dhaka, Bangladesh.
As per the parent study, inclusion was subject to obtaining written informed consent from appropriate parents/care-givers, and activities were approved by the Research Review and Ethical Review committees of icddr,b. Children were excluded from enrollment if their parents/care-givers did not provide consent. Cases were selected based on a review of collected data to identify all previously enrolled subjects with hyponatremia (defined as a serum sodium level <130 mmol/L based on work by Chisti et al.) [29] . Sixty-one cases were identified. Controls were then randomly chosen from among remaining normonatremic study participants using the randomization feature of STATA (version 12.1; StataCorp LP, College Station, Texas) to give a ratio of three cases to one control. The unmatched casecontrol ratio was used to increase the statistical power of the analysis. This resulted in a total of 183 controls and a combined study population of 244 children under 5 years of age.
Data Collection Procedure
A review of previously collected data on enrolled study participants was used to ascertain information on socioeconomic and demographic characteristics, housing and environmental conditions, feeding practices of infants and children (0 -24 months old), prior antibiotic use, possible tuberculosis contact, and use of medications at home. Original data collection for the parent study was completed using a study-specific standardized data collection form that was developed, pre-tested, and finalized by members of the current trial team. Information on clinically relevant (age, sex, rectal temperature, degree of dehydration (if any, usually in children presenting with diarrhea), nutritional status, peripheral perfusion status, features of sepsis and severe sepsis, arterial oxygen saturation, and outcome) and laboratory (blood glucose, complete blood count, serum electrolytes, lactate, and C-reactive protein) characteristics was further determined.
Statistical Analyses
Relevant data were entered into a personal computer database accessible only by the investigative team using SPSS (version 17.0; SPSS Inc., Chicago, Illinois) and were analyzed using STATA and SPSS. Differences in proportions and means were first compared via simple logistic regression on hyponatremic status in STATA to determine possible predictive factors. Fischer's exact tests were employed as applicable. An alpha of 0.05 was considered the threshold for statistical significance (p < 0.05), and strength of association was determined by estimating odds ratios and corresponding 95%CIs.
We analyzed the following clinical and laboratory parameters in a univariate model: gender, age, SES, breast feeding, illness, fever, diarrhea, dehydration, vomiting, poor feeding practices, difficulty breathing, edema, convulsions, WHZ, WAZ, mid-upper arm circumference, respiratory rate, blood pressure, irritability, lethargy, hypoxemia, sepsis, death, hypoglycemia, total WBC count, bands, potassium, TCO 2 , creatinine, calcium, and magnesium.
Multiple logistic regression analyses were then preformed to identify characteristics that were associated independently with hyponatremia after adjusting for other singly significant variables. All variables statistically significantly associated with hyponatremia in children with severe acute malnutrition and pneumonia were in included in the model as independent variables. Hyponatremia was defined as the dependent variable.
Results
Between April 2011 and June 2012, a total of 407 children under the age of 5 years with SAM and pneumonia were enrolled in the parent study. Of these, 61 children (15%) were found to have serum sodium levels <130 mm/L and were considered hyponatremic (cases). From the remaining 346 patients (85%), we randomly selected 183 controls.
The median age of cases and controls were 14.7 (0.8 -60.0) and 9.0 (0.7 -56.0) months respectively, and the difference was significant ( Table 1) . Among the cases, 40 children (65.6%) were male as compared to 103 children (56.3%) among the controls ( Table 1) . Univariate analysis of clinical characteristics suggested that children with hyponatremia were statistically significantly more likely to be older, to have been continuously breast fed during the neonatal period, to have a longer duration of vomiting, to have difficulty breathing, and to be more severely wasted than normonatremic controls ( Table 1) . The presence of diarrhea on admission was found to be statistically significant with a p-value of 0.05, and in contrast to the findings from 1983 [15] , hyponatremic children were not found to be significantly more likely to die ( Table 1) . Other considered clinical characteristics were comparable between the groups and are included in Table 1. Univariate analysis of laboratory characteristics, included in Table 2 , were statistically insignificant.
Subsequent multiple logistic regression-accounting for the influence of the other identified variables-showed that children with hyponatremia were statistically significantly more likely than normonatremic controls to be older, to present with diarrhea on admission, and to present with difficulty breathing on admission ( Table 3 ).
Discussion
We observed significantly greater age in SAM children with hyponatremia and pneumonia as compared to those without hyponatremia. Findings of increased hyponatremic burden among children expected to be healthier due to more advanced physiologic and immune development associated with increased age are of interest for their peculiarity and importantly suggest a conditional manifesttation that we may not fully understand.
It has long been known that severely malnourished children present with different pathophysiological mechanisms than normally or well-nourished children as a result of their bodies' inability to carry out the routine operations of normal pathways. These reductive adaptations described in the work of Collins et al. [23] may help explain the findings of the present study, suggesting that as the severity of nutritional insult increases, reducetive adaptations progressively limit the body's ability to respond to stresses such as infection.
Differences in difficulty breathing on admission can be more easily understood. Assuming a clear (or protected) airway and that the observation is not due to some form of obvious obstruction, respiratory findings in children with pneumonia are common [30] . Its pathogenic presence can lead to the development of acute respiratory distress syndrome wherein alveolar injury begets diffuse alveolar damage [31] [32] [33] [34] . These children are also likely to be acidotic (low pH) due to under perfusion of the tissues and lactic acid build-up that a failing renal system may be unable to clear. The presence of increased acid load triggers the renal-pulmonary compensatory response, characteristic of metabolic acidosis within this population [35] .
Diarrhea on admission has been well characterized [15] , yet no further studies have been published for Bangladesh. Limited research within the region reports highly mixed results. Work by Memon et al. [16] found a statistically significant difference in the prevalence of hyponatremia (p < 0.001) between malnourished children under five in Hyderabad, India with and without diarrhea while work by Mishra et al. [17] found that serum sodium level was not significantly associated with nutriational state (p = 0.054) among malnourished children under five with diarrhea in Kathmandu, Nepal. In general terms, it is thought that anything that decreases energy levels at the gut endothelium (such as the results of pneumonia, malnutrition, and hyponatremia acting within the body) can result in a loss of tight junction integrity and consequent gut fluid losses.
Twenty years ago, Samadi et al. [15] looked at the consequences of hyponatremia in children in Bangladesh and reported a CFR for children with acute diarrhea of greater than ten percent. The present study failed to corroborate this result, suggesting that in 2012, hyponatremic children in Bangladesh with pneumonia and malnu- trition receiving treatment at the same hospital were not significantly more likely to die. The original results of Samadi et al. [15] indicate that the observed effect was related solely to serum sodium concentrations, largely negating the potential impact of different patient groups (diarrhea vs. malnutrition and pneumonia). While this remains an important consideration and a possible limitation of either study, a more likely explanation can be found in the work of Ahmed et al. [36] which describes the development of a "standardized protocol for acutephase treatment of children with severe malnutrition and diarrhea, with the aim of reducing mortality" that has been in effect at icddr,b for more than 10 years. Their reported relative 48% reduction in mortality appears to be corroborated by the present study's findings of a lack of statistical significance [36] . Another possible limitation comes in a lack of correction for multiple comparisons within our study. Given the stated objective of identifying predicting factors associated with hyponatremia in children with SAM and pneumonia in Bangladesh in order to enhance critical and early detection, we felt that it was equally (if not more) important to protect against Type II errors (overlooking a factor that has predictive value) as it was to ensure statistical significance of the ones we did identify (preventing a Type I error). Employing statistical measures such as Bonferroni corrections offer an effective means of reducing the probability of making a Type I error but at the expense of increasing the probability of making a Type II.
In conclusion, hyponatremia in under-five children with severe acute malnutrition and radiological or clinical pneumonia is associated with increased age and presence of diarrhea and difficulty breathing on admission relative to comparable normonatremic controls. It was found not to reflect a statistically significant difference in the likelihood of death between the two groupsa change from findings in the 1980s which reported a CFR of >10%. Such a change is likely attributable to the successful implementation of protocolled management of diarrhea and malnutrition designed to reduce mortality over the last 10 years at icddr,b. These findings underscore the importance of early detection to facilitate appropriate care and its potential to mitigate the myriad of
